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Abstract  
Occupants often perform many types of behavior in buildings to adjust the indoor 
thermal environment. In these types, opening/closing the windows, often regarded as 
window-opening behavior, is more commonly observed because of its convenience. It 
not only improves indoor air quality to satisfy occupants’ requirement for indoor 
thermal comfort but also influences building energy consumption. To learn more about 
potential factors having effects on occupants’ window-opening behavior, a field study 
was carried out in an office building within a university in Beijing. Window state 
(open/closed) for a total of 5 windows in 5 offices on the second floor in 285 days (9.5 
months) were recorded daily. Potential factors, categorized as environmental and non-
environmental ones, were subsequently identified with their impact on window-
opening behavior through logistic regression and Pearson correlation approaches. The 
analytical results show that occupants’ window-opening behavior is more strongly 
correlated to environmental factors, such as indoor and outdoor air temperatures, wind 
speed, relative humidity, outdoor PM2.5 concentrations, solar radiation, sunshine hours, 
in which air temperatures dominate the influence. While the non-environmental factors, 
i.e. seasonal change, time of day and personal preference, also affects the patterns of 
window-opening probability. This paper provides solid field data on occupant window 
opening behavior in China, with high resolutions and demonstrates the way in analyzing 
and predicting the probability of window-opening behavior. Its discussion into the 
potential impact factors shall be useful for further investigation of the relationship 
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between building energy consumption and window-opening behavior. 
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1 Introduction 
Indoor environment regarding to both thermal condition and air quality, is important 
for building occupants’ health and productivity. Owing to the fast development in both 
economy and urbanization, the demand on better indoor environment has increased. In 
many buildings, when people are dissatisfied with the indoor environment, they may 
often perform adaptive behaviors, such as opening/closing a window, adjusting clothing 
insulation level and changing cooling/heating setpoints, to adjust their surrounding 
environment [1-3]. In places with mild outdoor environment, opening windows can 
reduce indoor cooling demand and enhance indoor air quality simultaneously. 
Therefore, openable windows, have been widely selected for many buildings as a type 
of low-carbon solution. When the building is running in a free mode, opening windows 
can bring cool-and-fresh air from outdoors [4]. When the building is mechanically 
heated or cooled, opening windows will provide a better indoor air quality, but may 
increase the building’s heating or cooling demand [6]. In many buildings, openable 
windows are controlled manually by the occupants. Thus, a comprehensive 
understanding in occupants’ window-opening behaviors is important to ensure a healthy 
indoor environment and adjust energy supply systems in buildings at a reduced 
consumption level [7].  
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In the past 30 years, a number of studies have been carried out to explore occupants’ 
window-opening behavior, especially within European countries, such as the UK [7-
16], Switzerland [17-19], Denmark [1,20], Germany [21-22] and Italy [23]. 
Nevertheless, this is very limited contribution [24] from China by providing solid 
evidence on how people in China context operate their windows. A thorough review 
work on occupants’ window-opening behavior studies is conducted as following 
Sections 1.1 and 1.2, which focus on influential factors of occupants’ window-opening 
behavior. 
1.1 Existing studies in the Europe 
In Switzerland, Haldi and Robinson [2,17-19] carried out a detailed analysis of the 
influences from occupancy patterns, indoor air temperature and outdoor climate 
parameters (i.e. temperature, wind speed and direction, relative humidity and rainfall) 
on window-opening behavior in their experimental building, based on data collected 
over 7 years. From the analysis, they reported that indoor air temperature was a 
dominating factor influencing window-opening behavior because indoor air 
temperature has a direct link to occupants’ decision of window operation. Yun et al. [14] 
conducted a field monitoring study in 4 offices and demonstrated close links between 
impact factors (CO2 concentrations, prevailing internal and external temperature, 
occupancy schedules and window control patterns. From the study, they also revealed 
that there were statistically significant relationships between occupants’ window uses 
and indoor environmental parameters, i.e. indoor thermal stimuli and CO2 
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concentrations, and also the previous window state, i.e. whether it has been opened or 
closed, was a crucial factor in the relationship. Occupancy has been suggested as 
another important driver of window-opening behaviors, which has been classified as 
time of arrival, time of departure and time of day. In another study, Yun [25] further 
justified the strong link between window-opening behavior and time of day. He 
proposed that occupants attempted to restore their comfort in the easiest way possible, 
which, of course, were influenced by many contextual factors. Contextual drivers have 
been defined as those factors that have an indirect influence on window-opening 
behavior, and they were including many factors such as window orientation, window 
type, seasonal change, time of day and occupancy pattern. Additionally, it has been 
observed that there was an apparent difference in window positions during the night 
time among individual occupants, in both summer and winter times. Some windows 
were rigorously closed at the end of almost every day, whilst others were left open 
across a very large range of temperature conditions. Andersen et al. [26] did repeated 
surveys on occupant control of the indoor environment in Danish dwellings, and 
analyzed influences from a number of factors, i.e. outdoor air temperature, indoor air 
quality, thermal sensation, noise level, outdoor solar radiation, wind speed, sunshine 
hours, age, gender, house property ownership and type of heating systems. From the 
study, they concluded that the window-opening behavior was strongly correlated to 
outdoor air temperature and occupants’ perception of the environment and factors 
concerning the dwelling also affected the window-opening behavior. Wei et al. [27] 
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suggested that even if all common factors were the same, occupants may still perform 
different window operations in office buildings, and this difference could be explained 
by personal preference. And based on the frequency of opening windows, they 
classified survey objects into three categories: habitual closers, adjusters and leave 
openers. In studies carried out by Rijal et al. [12], Haldi and Robinson [19] and Yun et 
al. [28], window users have been termed as ‘active’, ‘medium’ and ‘passive’. These 
results also reflect the various behavior for different users, which were caused by 
occupants personal preference. The potential factors that influence window-opening 
behavior are summarized from above studies, as shown in Table 1. 
Table 1. The influential factors of occupants’ window-opening behavior  
Environmental factors Non-environmental factors 
Outdoor environment 
(dominated by outdoor air 
temperature and relative 
 humidity) 
Age Time of day Previous status of the window 
Gender Heating modes House Property ownership 
Season Window type Window orientation 
Indoor environment 
(dominated by indoor air 
temperature and air quality) 
Smoking Building type Occupancy pattern 
Presence Room type Personal preference 
Floor level    
1.2 Existing studies in China 
In China, Li et al. [24] carried out a 2-month field observation on occupant window-
opening behavior in a naturalty ventilated office building during the transition seasons. 
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From the study, they found that outdoor air temperature significantly affected window-
opening behavior among other factors such as outdoor relative humidity, indoor air 
temperature, indoor relative humidity, and indoor CO2 concentrations, which have 
much less effect. The main trigger point for opening windows in transition seasons, 
revealed by them, is from occupants’ desire to improve the indoor thermal and air 
quality environment. Weihuang Chen [29] analysed the influence of thermal comfort 
due to window-opening behavior in hot summer and cold winter zone, in 2009. Jian 
Zhang [30] analysed the influence of building orientation and height on window-
opening behavior in 2011. 
Comparing to the related foreign research, there is a lack of in-depth research into 
occupants’ window-opening behavior, especially aiming in China scenario since China 
has a very different background and condition from western countries in terms of its air 
pollution and speed of economic development. As a result, to handle this particularity, 
a real-time monitoring for a long period was carried out in this paper, aiming at finding 
out and quantifying the influence of environmental/non-environment factors on 
window-opening behavior in China context. Beyond that, this study developed a 
dedicated analytical model for window-opening behavior that can be applied further in 
energy consumption simulation in China context. 
This paper aims to provide high-quality data resolution to the research of window-
opening behavior in China, through development of statistic analytical models. This 
work is expected to fill in the research gap existing in occupant window-opening 
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behavior of office buildings. In this paper, occupants’ window-opening behavior and 
relevant influential factors were monitored in an office building in a University in 
Beijing with high resolutions (including window state, indoor and outdoor air 
temperatures, outdoor relative humidity, outdoor PM2.5 concentrations, outdoor wind 
speed and direction, solar radiation, sunshine hours, seasonal change, time of day, 
personal preference). An integrated model, combined with logistic regression and 
Pearson correlation approaches, was then developed to analyze the recorded data. The 
potential influential factors on occupants’ window-opening behavior were finally 
identified in the case study building, which shall be meaningful for the future integrated 
behavioral modeling in a whole building or cluster scale. 
2 Method of study 
2.1 Building description 
The case office building was constructed of reinforced concrete and brick, which 
located at a university in Beijing. The building shape and office layout were very 
common for office buildings in China. Around the building, there were no tall buildings 
and trees blocking solar gains and external noise was ignorable. As shown in Fig. 1 (a), 
the building has two stories, where laboratories were based on the ground floor, and a 
total of 9 offices with same size of 10m2 were placed on the second floor. The typical 
internal layout of all offices is shown in Fig. 1 (b). The geometry information of the 
measured offices is shown in Table 2. In these 9 offices, 5 offices were applicable and 
selected for the experiment.  
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Each office can accommodate two occupants, with a south-facing sliding window. 
During the experiment, there was only one occupant in each office. In winter, radiator 
and natural gas boiler were used as main heating generator, with municipal hot water 
heating as auxiliary heating occasionally. In summer, split-type air conditioners were 
used to supply cooling. During transition seasons (the period from 1st October to 15th 
November and 15th March to 16th May), natural ventilation was the main strategy. To 
investigate the effect of regional noise on window-opening behavior, questionnaires 
were developed, delivered and answered. Based on the answers, the regional noise 
seems no significant influence on window-opening behavior in this case. The occupants 
of all 5 offices were all non-smoking, consisting of two males and three females, who 
had lived in Beijing for many years and adapted well to the local climate. 
  
(a)  (b)    
Fig. 1 The case study building (a) and a typical office (b) 
Table 2. Basic information of measured offices 
the room size /m2 the orientation of 
windows  
window 
form 
the number of 
windows 
gate 
number 
10 
 
202 11.16  
 
south 
 
 
Push-pull 
type 
 
 
1 
 
 
1 
203 10.23 
205 10.23 
206 10.23 
208 10.23 
2.2 Measured factors 
This study covered 2 transition seasons, i.e. from 1st October to 15th November, 2014 
and from 15th March to 16th May, 2015, 1 heating season, i.e. from 15th November, 2014 
to 15th March, 2015 and 1 cooling season, i.e. 16th May to 15th July, 2015. During 
transition seasons, occupants mainly adjusted indoor air quality using natural 
ventilation. During heating season, circulating water radiators were used for the indoor 
air temperature and split type air conditioners were designed for the indoor air 
temperature during cooling season. In cooling season, occupants could adjust the 
setting value via control panel installed on the interior wall but this was not flexible in 
heating season as the heating was controlled by central plant. During the monitoring, 
infrared instruments (recording interval: 1 min; induction range: 5 m) were used to 
record occupancy of the monitored offices; window displacement testers were applied 
to detect and record the state of office windows (recording interval: 10 min; induction 
distance: 3 cm); indoor air temperature sensors (recording interval: 10 min; precision: 
±0.5°C) were installed to used to measure and record indoor air temperature. All the 
above measuring devices have been shown in Fig. 2 (a-c). A portable outdoor 
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meteorological sensor (recording interval: 1min) was installed at the top of the office 
building, as shown in Fig. 2 (d).  
In the experiment, PM2.5 measurement was also considered. It refers to the atmospheric 
fine particulate matter with a diameter less than 2.5µm, which has proven with a direct 
and harmful effect on health, especially for the respiratory system. The increase in 
PM2.5 concentrations is positively correlated with the death rate from respiratory 
diseases [31] , and such truth influence a lot on occupant’s decision whether open 
windows or not. By considering the indirect influence of high PM2.5 concentrations on 
window-opening behavior, a questionnaire survey was completed before the 
experiment about whether people would close windows when outdoor PM2.5 
concentrations was high. The survey result showed that people tended to close windows 
for better indoor air quality so as to keep healthy when it comes to high outdoor PM2.5 
concentrations. In consideration of serious air pollution in Beijing in recent years and 
the inter-linked influence of outdoor PM2.5 concentrations on window-opening behavior, 
the outdoor PM2.5 concentrations were also recorded based on the data measured in the 
Temple of Heaven which had a linear distance of 5 km from the investigated building. 
In summary, the recorded data of this study included (I) environmental factors: indoor 
and outdoor air temperature (°C), outdoor relative humidity (%), outdoor wind direction 
(°), outdoor wind speed (m/s), solar radiation (W/m2), outdoor PM2.5 concentrations 
(ug/m3), sunshine hours ( the hour of daily radiation level is higher than 120 W/m2), 
and (II) non-environmental factors: seasonal change, time of day, and personal 
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preference  
  
(a)  (b)  
  
(c)  (d)  
Fig. 2 Indoor temperature measuring device (a); Intelligent human body inductor (b); The 
window displacement tester (c) and Outdoor temperature measuring device (d) 
2.3 Measuring devices 
To avoid the impact of radiators/convectors on temperature measurement, an indoor air 
temperature sensor TR (v1.2) produced by the China Architecture Science Institute was 
placed on a platform of 1.8 meters from the floor, staying a distance of at least 1 m from 
the nearest radiator/convection inverter. By doing so, the temperature was considered 
the same as the one at occupant height after tests over several days before measurement. 
All sensors had been calibrated by the manufacturer before the measurement, an 
additional calibration was carried out every two months during the monitoring period.   
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The portable outdoor meteorological weather station was placed on the roof at 1-m 
height over the roof to ensure no influence from the heated generated from the building 
itself. An infrared instrument P-100 (v1.0) was installed on the inside walls of the office 
at a 2-m height and close to the office chair. Its role was to detect infrared wavelengths 
emitted by the human body, with a radius of approximately 5 m. The location of the 
infrared instrument P-100 was chosen to avoid any impact on its measurement results 
from devices such as computers, water fountains and radiators.  
The state of the window (open/closed) was measured by a window displacement tester 
D-100 which automatically recorded the window state dynamically. The window 
displacement tester recorded the window state by means of the magnetic induction of 
two dry spring pipes positioned on the window. When the magnet force is approached, 
the dry reed pipes are connected; while magnet is weakening, the dry reed pipes are 
separated. So the opening state of the window are detected. The shortest time of 
induction switch is not less than 3 seconds, and the highest distance where measuring 
devices can be induced by the magnet is 3 cm. 
3 Data processing and results analysis 
3.1 Environmental factors 
The outdoor and indoor air temperatures have proven as the dominating influential 
factors on window-opening behavior in many studies [2,6,17-19,24,29]. In this section, 
the analysis is in turn to assess the impact from both outdoor and indoor air temperatures 
in this case building. Meanwhile, due to heavy air pollution caused by high PM2.5 
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concentrations in China, the influence of outdoor PM2.5 concentrations on window-
opening behavior has also been investigated. 
A logistic regression approach has been used to analyze the original data by addressing 
the probability of the window switch against the outdoor/indoor air temperature and 
PM2.5 concentrations. Logistic regression analysis [32] is a statistic method that defines 
the probability of specific event happening (e.g. opening a window) based on relevant 
influential factors (e.g. outdoor/indoor air temperature or PM2.5 concentrations). When 
using logistic regression, a useful method to identify the contribution of individual 
factors to the event happening is called Wald statistic test, which has a chi-square 
distribution. Thus, a significant 2 tailed P-value of a particular predictor reflects that 
this predictor plays an important role in the logistic regression model. The relation is 
given in Eq. (1): 
 𝑃 = exp(𝑎 + 𝑏𝑥) /[1 + exp⁡(𝑎 + 𝑏𝑥)] (1) 
where, 𝑃 refers to window-opening probability , and 𝑥 is relevant influential factors, 
𝑎  and 𝑏  are constants, which represent the intercept and regression coefficients, 
respectively. 
3.1.1 Outdoor air temperature  
Fig. 3 displays shows the variation of window-opening probability with increase in 
outdoor air temperature. It is observed that the window-opening probability increases 
with the increase of outdoor air temperature. The result was similar to those obtained 
from the European studies [12,15,19,33]. In addition, when outdoor air temperature was 
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lower than 10°C, indoor occupants generally kept their windows closed, and when 
outdoor air temperature was higher than 10°C, it started to influence greatly on window-
opening probability. For instance, when the outdoor air temperature reached its highest 
level of 35.2°C, the maximum window-opening prbability was reached, which was 
65.4%. In Fig. 3, the intercept 𝑎 = −1.45 ± 0.04 and the regression b = 0.045 ±
0.002 in Eq. (1) by using the logistic regression analysis. 
 
Fig. 3 Relationship between window-opening probability and outdoor air temperature  
3.1.2 Indoor air temperature  
Fig. 4 illustrates the window-opening probability varying with increase in indoor air 
temperature. The window-opening probability seems to increase with the higher indoor 
air temperature, which is also in consistent with the results gained by past researchers 
[12,33-34]. When the indoor air temperature was lower than 22°C, indoor occupants 
generally kept their windows closed, and when indoor temperature was higher than 
27°C, the indoor air temperature turned to affect significantly on window-opening 
probability. The maximum probability of window-opening achieved at 62.9% when the 
16 
 
intdoor air temperature rose to its highest level of 29.6°C. By using the logistic 
regression for the data in Fig. 4, the intercept:⁡ 𝑎 = −4.70 ± 0.23，and the regression: 
𝑏 = 0.171 ± 0.009 in Eq. (1).  
 
Fig. 4 Relationship between window-opening probability and indoor air temperature  
3.1.3 Outdoor PM2.5 concentrations 
Beijing has seriously suffered from outdoor air pollution because of high PM2.5 
concentrations in recent years, especially in winter and transition seasons. Hence, the 
indirect impact of outdoor PM2.5 concentrations on window-opening behavior was also 
investigated when considering the outdoor air temperature in parallel since it dominates 
the influence on window state [9,12,19,22]. The analysis, therefore, was a 3-dimension 
problem (probability against PM2.5 concentrations and outdoor air temperature) rather 
than a 2-dimension issue. The logistic regression analysis was applied again to identify 
whether outdoor PM2.5 had a significant impact on window state in the case building. 
Both outdoor air temperature and PM2.5 concentrations were set up as predictors of the 
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model and the observed state of windows was regarded as the model output. The 
ultimate regression results gave that both predictors have a P-value of 0.000, meaning 
that both the two predictors had a significant influence on the observed window state. 
3.1.4 Correlation analysis for all factors 
Correlation approach has been widely applied in the analysis of the correlation between 
occupants’ window-opening behavior and its influential factors. This method is adopted 
to analyze the influence of environmental factors on window-opening behavior in this 
study. 
In statistics, correlation analysis refers to the analysis on two or more relevant variables. 
A significant feature of correlation analysis is that all variables are given the same 
priority in the analysis. In this paper, the Pearson correlation coefficient, r, has been 
introduced to calculate the data of the interval variable, as presented in Eq. (2).  
 
𝑟 =∑(𝑥𝑖 − 𝑥)(𝑦𝑖 − 𝑦)
𝑛
𝑖=1
∑(𝑥𝑖 − 𝑥)
2
𝑛
𝑖=1
∑(𝑦𝑖 − 𝑦)
2
𝑛
𝑖=1
⁄  
(2) 
where, r is the correlation coefficient; x and y are the mean value of x and y respectively; 
𝑥𝑖 and 𝑦𝑖 are the ith observed variable for x and y respectively. 
Because of existing sampling errors, the correlation coefficient between two variables 
not being ‘0’ does not mean that the correlation coefficient between them in all samples 
not being ‘0’. As a result, a test needs to be performed to examine the result of the 
correlation coefficient. The null hypothesis of the examination is that the correlation 
coefficient between two variables in all samples is ‘0’. The tool of Statistical Product 
and Service Solutions (SPSS) is hereby applied used in calculating the probability of 
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the hypothesis correctness, as defined in Eq. (3). 
 𝑡 = 𝑟 ∙ (𝑛 − 2) (1 − 𝑟2)⁄  (3) 
Where, 𝑛 is the number of sample observations; 𝑛 − 2 is degrees of freedom. 
When the significance probability, i.e., t,for the correlation coefficient is less than 0.05, 
it is indicates that the correlation between the two variables is significant; when it’s less 
than 0.01, the correlation between two variables becomes much more significant; when 
it is higher than 0.05, there is no significant correlation between the two variables, and 
t is only the probability value. 
The results from the correlation analysis are listed in Table 3, illustrating that except 
wind direction (t =0.075), the significance probabilities of indoor air temperature, 
outdoor air temperature, wind speed, relative humidity and outdoor PM2.5 
concentrations, solar radiation, and sunshine hours were all less than 0.05. This means 
that these factors have statistical significance and they can be used to illustrate the 
relevance of parameter and the window-opening probability.  
The correlation coefficient of outdoor air temperature parameters was 0.507, indicating 
its relatively strong correlation with the window-opening probability (correlation 
coefficient greater than or equal to 0.5 representing relatively strong correlation). The 
results of correlation analysis demonstrated that the probability of window being 
opened would be increasing with the higher outdoor air temperature, consistent with 
existing previous studies [12,15,19,33]. The correlation coefficient of indoor air 
temperature parameters was 0.2, reflecting the weaker correlation comparing to outdoor 
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air temperature parameters. Except the wind direction, the correlation coefficients of 
other factors had statistical significance but much weaker comparing to outdoor and 
indoor air temperatures. Factors, i.e. outdoor relative humidity, wind speed, outdoor 
PM2.5 concentrations and the sunshine hours had a rather negative correlation with 
window-opening probability, indicating the values of window being closed was 
inversely proportional to these parameters. It can be interpreted that being exposed to 
high humidity, high speed, high PM2.5 concentrations, or long sunshine hours may cause 
discomfort to the indoor occupants. 
Table 3. Correlation between the probability of window being opened and environmental factors 
Environmental conditions 
Descriptive 
statistics 
 
Correlation between environmental 
parameters and window opening probability 
mean 
value 
 standard 
deviatio
n 
 
correlation 
coefficient 
significance 
probability 
covariance 
Indoor temperature (°C) 23.35 2.841  0.200** 0.000 0.268 
Outdoor temperature (°C) 15.65 10.734  0.507** 0.000 1.044 
Wind speed (m/s) 0.67 0.782  -0.024** 0.000 -0.009 
Wind direction (°) 189.51 99.703  0.009** 0.075 0.425 
Outdoor relative humidity 
(%) 
45.91 20.626  -0.012* 0.019 -0.116 
Outdoor PM2.5 
concentrations (ug/m3) 
91.58 98.708  -0.056** 0.000 -2.517 
Solar radiation (W/m2) 265.05 291.955  0.063** 0.000 8.609 
Sunshine time (h) 12.41 6.012  -0.082** 0.000 -0.233 
* * significantly correlated on 0.01 level (bilateral);* significantly correlated on 0.05 level (bilateral) 
3.2 Non-environmental factors  
This section presented the detailed analysis of the impacts of non-environmental factors 
to occupants’ window opening behaviors, including seasonal change, time of day and 
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personal preference. 
3.2.1 Seasonal change  
Fig. 5 illustrates the window-opening probability varying with time, the parameters 
including outdoor air temperature, indoor air temperature. It can be seen that the 
variation profile of window-opening probability was similar to that of the outdoor air 
temperature, but not similar to that of the indoor air temperature. In winter, when the 
outdoor air temperature was lowest, the window-opening probability reached the 
minimum nearly at the same time, reflecting an action of closing windows to prevent 
cold air flow going into the room. During this period, however, the indoor air 
temperature was almost keeping unchanged. In summer, the window-opening 
probability and the outdoor air temperature almost achieved their maximum values 
simultaneously, demonstrating the strong impact of outdoor air temperature on the 
operation of windows. In addition, the variation of year-round outdoor air temperature 
exhibited a cosine law, which presented a strong correlation with window-opening 
probability. Such characterized variation along with the outdoor air temperature is 
meaningful for the occupant behavior modelling buildings. 
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Fig. 5 Relationship between window-opening probability and indoor and outdoor  air 
temperature over time 
Fig. 6 gives the changes in the relationship between window-opening probability and 
indoor air temperature during the heating season, transition seasons and cooling season. 
As indoor air temperature raised, the window-opening probability became higher. 
When the temperature was in the range of 21°C to 27°C, there were different window-
opening probabilities for those three seasons at the same temperature range. Besides, 
window were most likely to be kept opened during transition seasons. One possible 
reason was that natural ventilation was the only way to improve indoor thermal comfort 
and indoor air quality during transition seasons. In addition, there was a more 
comfortable outdoor air temperature when the indoor air temperature was in the range 
of 21°C to 27°C, even lower or higher during transition seasons. In that case, indoor 
occupants would prefer more natural ventilation to improve the indoor air environment. 
On the other hand, comparing to cooling season, window-opening probabilities for 
heating season were much higher at the same indoor air temperature range. One 
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possible explanation is that the indoor heating system was operated centrally during the 
heating season, leading to a higher percentage of uncomfortable indoor temperature, 
and opening the windows were considered the only ways to enhance the indoor thermal 
comfort. 
 
Fig. 6 Relationship between window-opening probability and indoor air temperature in 
different seasons 
In Fig. 7, the detailed changes in the relationship between window-opening probability 
and outdoor air temperature are illustrated during heating season, transition seasons and 
cooling season. The window-opening probability changed proportionally to the outdoor 
air temperature. There were different window-opening probabilities for those three 
seasons even at the same temperature range. In comparison to cooling season, the 
probability of window being opened was higher during transition seasons for the same 
outdoor air temperature range of 17°C to 35°C. This is probably because only the 
natural ventilation was adopted to improve indoor thermal comfort and indoor air 
quality during transition seasons. The probability of window being opened was lower 
during transition seasons than that in the heating season for the same outdoor air 
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temperature range of 2°C to 17°C. It is mainly the same reason as the case result in Fig. 
6, where central heating brought forward too much uncomfortable, resulting in more 
frequent switch of window status. In addition, it also reflects that window-opening 
behavior is the result of all kinds of all comprehensive factors. 
 
Fig. 7 Relationship between window-opening probability and outdoor air temperature in 
different seasons 
3.2.2 Time of day 
Previous studies have shown that the change of window states often occurred at the 
time when occupants arrived or left their offices [14-15,19,22]. This is usually reflected 
by the factor called time of day. Fig. 8 shows the proportion of change of the window 
state from opened to closed (a) and from closed to opened (b). It can be seen that indoor 
occupants tended to open their windows when they firstly arrived at their offices and 
closed their windows when they left their offices at the end of the day. Fig. 8 (b) reveals 
an interesting finding that during cooling season, people preferred to open the windows 
to inlet fresh air in the early morning, although there would be strong direct sunlight 
for south-facing windows in the late morning. This finding proves that people in this 
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case prefer to open windows to increase the air flow for higher indoor air quality. 
 
(a)  
 
(b) 
Fig. 8 Relationship between time of day and window closure (a) and Open (b) 
It is well-known that when occupants come to their offices in one day, their windows 
may have be already opened or closed. When they feel uncomfortable, they will change 
the window state to adjust the indoor environment. As shown in Fig. 9 (a), when 
occupants arrived at their offices with closed windows, the window state would not 
change until they felt uncomfortable. Then, the window state would been kept at that 
state until occupants felt uncomfortable. In most case, people often close windows 
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when they leave their offices at the end of day. However, occupants in this case 
preferred to keeping window open until next arrival in order to improve indoor air 
quality through natural ventilation. In addition, the other situation is shown in Fig.9 (b). 
  
(a) (b) 
Fig. 9 The change of window status in different time periods when it’s closed (a) and Open (b) 
before arrival 
The variation of the window-opening probability in the 24 hours of each season in all 
offices is depicted in Fig. 10. The window-opening probability first increased and then 
decreased in the day for all seasons. In addition, it can be seen that the window-opening 
probability climbed to the highest values in core working time till the late afternoon. 
One possible reason is that the solar illumination is strongest for the windows facing 
south at noon, and the indoor temperature is higher than morning or afternoon, when 
an improvement for indoor environment is needed. 
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Fig. 10 The change of window-opening probability in different time periods 
3.2.3 Personal preference 
Table 4 lists some basic information of occupant behavior differences for all monitored 
offices. The percentage of window-opening state has been used to distinguish the 
differences in occupant behavior. From Table 4, it can be seen that the window-opening 
rates for all five offices were between 15.0% and 48.7%, and Rooms 202, 206 and 208 
had more time with open windows.On the other hand, the average times for each 
occupant to open their window in a week has been used to judge the frequency of 
occupant behavior. The difference in average time for each occupant can also reflect 
the contribution of personal preference. It was defined a low frequency as the times 
from 0 to 2.4, an average frequency when the times from 2.4 to 5.6, and a high 
frequency when the time more than 5.6. The result in the last column of Table 4 
illustrates that Room 205, 206 have the most frequent occupant behavior. 
 
Table 4: The window probability description for each room 
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Ref. Nb.Pers Age Gender 
Ratio 
open 
Actions Smoking Predictive 
Overall 
activity 
202 1 42 Male 48.7% 4.68 No No Average 
203 1 39 Female 22.0% 2.54 No No Average 
205 1 43 Male 15.0% 7.80 No No High 
206 1 50 Female 43.4% 6.98 No No High 
208 1 45 Female 31.2% 1.76 No Yes Low 
Actions: the percentage of the open window per person per week 
 
It is worth noting that the trend of occupant behavior is defined as a predictable case if 
the window-opening probability rises with the increase of indoor and outdoor 
temperatures. Fig. 11 predicts the window-opening probability against different 
occupants when indoor or outdoor air temperature rises. The behavior of occupant in 
Room 208 has been considered be predictable. Nevertheless, in regard to a certain 
occupant, the trend of occupant behavior referring to indoor air temperature or outdoor 
air temerature was not all consistent with the general trend. 
 
(a) 
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(b) 
Fig. 11 Rrelationship between personal preference and indoor temperature (a) and Outdoor 
temperature (b) 
4 Conclusions and discussion 
This paper elaborates a longitudinal field measurement on occupant window-opening 
behavior and their relevant influential factors for a period of 9.5 months in an office 
building in Beijing. The results show that all these factors, i.e. indoor and outdoor air 
temperatures, seasonal change, personal preference, time of day all have performed 
great influences on window-opening behavior. Main conclusions are as follows: 
1) Environmental factors that affect window-opening behavior are mainly indoor and 
outdoor air temperatures, against other factors. With the increase of indoor and outdoor 
air temperatures, the window-opening probability will gradually rises and the trend is 
in line with the logit model with a good goodness-of-fit : the goodness-of-fit for outdoor 
temperature is 0.779, and it is 0.863 for indoor air temperature. 
2) In addition to indoor and outdoor air temperatures, other factors, such as wind speed, 
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relative humidity, outdoor PM2.5 concentrations, solar radiation, sunshine hours showed 
statistically significant impact on window-opening probability. 
3) Seasonal change also has an obvious influence on window-opening behavior, 
reflected by various different patterns in window-opening probability in different 
seasons, even at similar indoor or outdoor air temperatures conditions. In the whole 
year, the window-opening probability mainly varies with outdoor air temperature. 
4) The window state also varies at different time of the day. Occupants tend to maintain 
the existing state of their windows until they feel uncomfortable. When they feel 
dissatisfied with the environment, they will change the window state to adjust the 
indoor comfort environment. In addition, there is the highest window-opening 
probability at the core working time till the late afternoon. Occupants prefer to open 
their windows when they firstly arrived their offices and close the windows when they 
left their offices at the end of the day. 
5) Different people have various personal preferences on using windows. They may 
prefer different window states even at similar indoor or outdoor air temperature 
conditions. However, the general trend keeps the same, which is general proportional 
to indoor and outdoor air temperatures.  
Owing to the inherent limitations on monitored samples, influences from some other 
potential factors cannot been covered in this study, such as occupncy pattern, gender 
and age of users, orientation of the window. Moreover, windows monitored in this study 
are equipped with internal and external blinds, and occupants’ window use may 
30 
 
potentially be influenced by the use of blinds, view from the window, and daylight 
illuminance falling on the window and direct sunlight penetrating through the window 
[35]. In addition, window opening area has not been taken into account in this study, 
due to the limitation of measurement method. Further studies should be done to 
strengthen the influences from the above factors with a higher number of samples. 
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